Several whole-farm agro-economic optimization models have been developed to deal with lumped planning issues in the agriculture sector. However, these models cannot be used to devise appropriate management strategies at land parcel level, because of the differences between farm characteristics, and the increased complexity of the hydrological processes. Based on Spatial Farm Database (SFD) which is consisted of a number of farm-level spatial data, including location, paddock properties, owner specifications and budgets, it is possible to provide the farm manager with some suggestions regarding the optimal choice of crops and the area to be allocated for each one. To this end, genetic algorithm is used in order to cope with model nonlinearity and a large number of decision variables. In order to test the proposed model, the Mobarakabad district is modeled with 126 agriculture fields, and the optimization model is run for this area. Results showed that the optimization procedure can find more realistic farm-level optimal solutions due to its advantage in adequate modeling of field characteristics, common groundwater resources, and the associated constraints. The results of lumped optimizations could also be used as benchmarks for the purposes of comparison and interpretation.
In addition to choosing crops based on simulation-optimization procedure, selecting crop types based on comparative advantage in initial steps, can guarantee consideration of social and privet cost aspects.
The Policy Analysis Matrix (PAM) is constructed by structuring the tradable and domestic input costs, revenues, and profits, each as shadow and market values. By doing this, PAMs are calculated for each crop in each year with respect to the associated selling prices and exchange rate values [21] [22] . PAM enables farmers and decision makers to refine the choice of crops by addressing local and national policy with social and privet cost.
Up to now, the majority of the cropping pattern and water resources optimization models can be put into two main strands: lumped plain models (whole area suggestions) and farm models [23] - [25] . Although these studies dealt with the variations of various parameters by means of random sampling methods, data had not any spatial features and were considered constant throughout the whole study area.
In the present study, a detailed spatially-oriented model is presented for optimization of cropping patterns and conjunctive-use decisions, which could model farm area, availability of water from different resources, and specific conditions of each of the farms exclusively. The proposed model takes advantage of URM-based groundwater simulation, PAM-based economic analysis and GIS connectivity in order to form an integrated framework for more realistic decision-making on cropping patterns and water allocation rules. Afterwards, a thorough comparison has been made between the outputs of these two approaches, namely lumped and distributed modeling, under various climatic, environmental, and economic conditions. To do so, the two optimization models are solved using a modified Genetic Algorithm.
Material and Methods

Case Study
The study area is Mobarakabad district, settled on the Qaderabad-Madarsoleiman plain in Pasargad County (Figure 1) . Due to having a semi-arid climate, the majority of the irrigational water is withdrawn from the groundwater resources. Uncontrolled growth of the agricultural activities in the area has resulted water tables drop rates as high as 1.2 meters per annum [26] . show that a large area is allocated for cultivation of wheat. The agricultural lands of the Mobarakabad village are divided into 126 fields with 63 owners. The total cultivated area is 207.8 hectares, with an average of 1.647 hectare per field [27] .
One aqueduct and 17 groundwater extraction wells supply the agriculture water requirements of this area. Mobarakabad aqueduct's fountain is located outside of the case study area and groundwater extraction is determined to not having any effects on its flow. The discharge of this aqueduct depends on climatic conditions and ranges from 20 lit/sec during droughts and up to 150 lit/sec in wet conditions. The share of each field in 10-day time-steps is currently being determined based on each field's area. Currently, the prevalent cultivated crops across the area are consisted of various winter, summer, and annual crops.
Optimization Procedure
A proper and realistic model for optimization of the cropping patterns and water utilization is a model that can optimally allocate water between various crops, throughout time, and spatially (between the fields).
Optimization methods are different depending on the objective function and constrain formula and equations. Although the programmer can choose particular type of optimization, type of equation may force to select a special type of model. For instance, if one of the objective functions or constraints is developed as nonlinear, the structure of the optimization would be nonlinear and the modeler has to use appropriate method for solving it, using some methods like evolutionary algorithms. Depending on the local, regional, and national policies, details and coefficient of the objective function and constrains equations will be set in such a model (Figure 2 ).
Objective Function and Constraint
Due to the shortage of water resources, the objective function of the optimization model is maximizing the benefit with respect to irrigation water use. The objective function of the proposed model is as follows, which is subjected to several constraints:
2) Constraints
Each function has several constrains that define the tolerance of the items affecting the objective function and can help to achieve a better optimization solution. The considered constraints in this case are: 
where: Z, net benefit of the crop cultivation during the planning horizon; F, number of fields; C, number of crops; T, number of periods; fct s , The allocated surface water for field f in period t to crop c; , 
is the maximum available groundwater for all fields in period t and c X is maximum allowable reduction of irrigation water.
3) Variables
x is the decision variable of the optimization model, defining whether crop c is cultivated in farm f or not. Furthermore, the widely popular MODFLOW model is used as the core of groundwater simulation model. For calculating water table drawdown with respect to well discharge, however, an embedded URM function is employed. The URM function for total of j wells based on additivity principle is:
where ( ) , s k n is change of water table level at well k at the end of the time period of n, and
is the unit response coefficient, which is defined as the unit change of the water table at well k during n, due to the excitation (withdrawal/recharge) at well j during t.
β is a function of the distance between wells, the well diameters, the hydraulic conductivity of the aquifer, the recharge of the aquifer, boundary conditions, and the starting heads [28] . The above-mentioned equations could also be used for multi-aquifer systems [29] .
As regard the irrigation requirement, FAO Penman-Monteith approach also known as PM-FAO56 is applied for estimating actual evapotranspiration [30] [31] .
For calculation of water requirement of various crops across the study area, the data from Takht-e-Jamshid meteorological station and Madarsoleiman pluviometric station were used. Other data used in this set of equations include crop coefficients and growth stage durations acquired from previous studies on the study area [27] .
PAM method is employed for refining the number of crops to a smaller set of feasible choices. For this purpose, costs and benefits expected from each crop is acquired from annual agricultural census and was used to build PAM. Next, the Domestic Resources Cost (DRC) and Efficient Protection Coefficient (EPC) indices are considered as two criteria for filtering of unsuitable crops from the model prior to objective function optimization [32] .
Several meta-heuristic optimization models could be used to solve these non-linear equations. Actually there is no consensus among researchers about the best meta-heuristic model. Genetic algorithms (GAs) have been widely used in groundwater quantity and quality management and conjunctive-use of surface and groundwater resources. Therefore, in this study, the non-linear problem is solved using a GA-based optimization model, due to the promising efficiency of GA in handling large numbers of decision variables.
In this method, the input options for the modeled system are mathematically defined as genes by these methods [33] . With the "fittest" solutions cross-breeding and mutating over generations, the optimal combination of traits is finally reached. Genetic algorithms have a good chance of identifying the global optimum of the search space.
In genetic algorithm approach, after real encoding of the decision variables and placing them in a chromosome, the initial population will be generated and fitness for every chromosome will be estimated. This process will continue until a satisfactory result is reached. For each step of GA procedure, several types of operators could be used. Choosing one of them depends on the chromosome structure, the nature of objective function and constrain equations. Therefore, it is possible to choose items and methods by trial and error and by having an eye on the existing literature. These strategies could easily be implemented given the diversity of available codes and software.
Optimization Cases
Two optimization cases are considered. First structure is the holistic allocation of land and water to crops at plain level:
α 1 to α n are the percentage of allocated land for crop 1 to c; S 1 to S 36 are amount of surface irrigation water in decade 1 to 36; G 1 to G 36 are amount of groundwater irrigation water in decade 1 to 36. Second structure is the allocation of the water resources and crops to each field separately:
C cf specified crop c allocated to the field number f; X 1cf to X 5cf are the amount of irrigation water deduction (surface water and groundwater) in duration 1 to 5 and in field 1 to f for crop c; α 1j to α nj are the percentage of allocated land of farm 1 to n for crop j.
Scenarios
The optimal solution cannot be simply proposed and employed without considering other aspects such as: deficit irrigation, partial planting, land integration, water prices, climatic conditions, allowable water table drawdown and so on. Hence, the optimization code must be flexible to change some of the above-mentioned parameters. The optimization package, in such case, provides answer to different questions by offering several optimal alternatives to decision makers.
The optimization code is developed and run in Mat lab software. Lastly, the optimization procedure ends in a GIS environment, where the final results are presented in GIS-compatible formats and map reports are generated.
Results and Discussion
Water Price
The private costs of utilization of each unit of water could be considered as the sum of fixed and variable costs. For calculation of annual fixed costs, the future costs were used:
where A is equivalent annual cost, F is future worth, I is interest rate, and N is the number of interest periods. The above equation splits the interest rate into the cost per year of owning and operating the asset over its entire lifespan. Based on the regional data, the wells have average depth of 18.5 meters and pipes with 4 inch diameter are usually used. The detailed annual costs of owning and operating wells across the study area is presented in Table 1.
All of the equivalent annual costs are presented in Table 1 as fixed costs of operating wells in the study area. With respect to average working time of the pumps during planting, growth, and harvest phases, the costs associated with fuel, oil, maintenance, and repair are considered as variable costs for diesel pumps, while costs of electricity, maintenance, and repair could be considered for wells with electrical pumps. Moreover, fixed and variable costs per volume of water are evaluated by dividing the equivalent annual costs and variable costs by the volume of pumped water. The sum of fixed and variable costs per unit of water is 109.7 Rials for 12,095 m 3 and 385 hours of pumping (74.7 Rials for fixed and 35 Rials for variable costs). These values perfectly match with those that evaluated using Depth-Costs relationship provided earlier by Abdolahi-ezatabadi and Soltani [34] .
In order to analyze the expected profitability of cultivation of various crops, the ratio indicators are calculated for all of the crops. The results of these calculations for the year 2007 showed that the sunflower, dry barley, bean and potato have low comparative advantage due to having high values of DRC. Furthermore, from the crops with DRC values smaller than one, those crops which have EPC values greater than one (winter wheat, barley, corns, rapeseed and cucumber) can be considered as the products that enjoy efficient protections provided by government policies. Based on the definition of EPC, the values higher than one are usually due to presence of incentives for production of a crop, and values smaller than one illustrate presence of effective tariffs on production of the crop. Hence, it can be concluded that the government policies and market disruptions tend toward protection of winter wheat, irrigated barley, corns, rapeseed and cucumber in Pasargad County.
The presented mathematical details showed sample applications of surface water and groundwater management by a farm-scale hydrologic economic model that integrates agronomic, climatic, irrigation, hydro geological and economic aspects of irrigated agriculture. Optimum mix of land use to keep the water table within acceptable limits while maximizing the benefit is the main objective of model. Alternatively, the model can simulate water balance and economics of a given cropping preference. Ultimately, proper selection of crops can help reduce water table drawdown problems and ensure the economic viability of farms.
The constraints subjected to this study are change in water table level, maximum and minimum areas of land and water allocation to the farm constraints.
In real world, the decision-maker does not have all necessary power to impose its agricultural plan on the farmer community. For instance, private ownership of water and land resources and the resulting legal burdens, as well as persuasion of personal goals by farmers may lead to degradation of groundwater resources and reduction of economic benefits at plain level.
Nevertheless, lumped optimization of cropping patterns and optimal allocation of surface and groundwater resources, however idealistic, could perfectly reveal the hydrological potential of the area to produce food, improve labor, and generate income. In other worlds, although social and legal aspects of the agricultural activities are overlooked in lumped optimization models, this approach could be used as means of improving the awareness of the decision-maker regarding the potential of the land, and could form the basis of further reformative strategies. When lumped optimizations are considered by a planner, it indicates that the planner assumes land consolidation which is in contrary to land fragmentation. Given this wrong assumption, such results are not applicable in real world.
Due to the fact that there are 17 agricultural wells across the area and we have defined 36 time-steps of 10-day long over a year, the URM associated with pumping from each well is a matrix with 17 × 36 arrays. Thus, the main URM of the study area aggregating the unit response matrices of each well is a 17 × 17 × 36 matrix. This URM is incorporated in a MATLAB function, which could evaluate the drawdown of water table at each well, based on given time-series of the pumping rates at the wells. Figure 3 shows how this code is incorporated in the optimization model, for controlling the water table draw downs resulting from proposed irrigation plans.
Lumped Optimization
The results acquired from running the lumped optimization model for various scenarios are presented in Figure  4 . As it could be seen on the figure, the total net benefits increase with allowing for more and more groundwater exploitation. That is, in water preservation scenarios, the least net benefit is associated with 1 meter drawdown of groundwater table.
Also, increasing the price of the groundwater has resulted in the decrease of the total cultivated area and total net benefits. Moreover, the cropping pattern of the area most notably responds to this increase by reducing the area allocated for cultivation of canola.
The results of the meteorological scenarios demonstrate other interesting effects on the area. The total cultivated area has changed from 0.3 of the total lands during drought conditions, to 0.92 and 1 during normal and wet conditions, respectively. As a result, the total net benefits during wet conditions increase by a factor of 2.4 and 5.4 in comparison to normal, and drought conditions, respectively. The most noticeable change of the cropping pattern with respect to increase of the precipitations is the increase of the planted area of watermelon up to the surprisingly high share of 85 percent in wet years. Our experiments on excluding the watermelon from the pattern would result in a 37 percent decrease of the total net benefits.
The evolutionary optimization procedure should be done in a supervised manner. That is, the global optimum of each case is only reliable when the obtained result is verified through multipleruns of the algorithm.
Distributed Optimization
Contrary to lumped approach that assumes whole area as a single farm, distributed optimization takes into account real world conditions, e.g., land fragmentation. Due to the complexity of mixed integer non-linear optimization in this case, some special considerations should be given in order to improve the efficiency of the algorithm.
In Figure 5 , the wavy pattern seen on the mean fitness of the population during the optimization procedure is related to the use of a flexible crossover fraction modulator. In the proposed genetic algorithm, stall of the best fitness for a certain number of iterations triggers a mechanism that reduces the crossover to 0.3, elite count to 1 individual, and consequently, the mutation becomes the major player in the search algorithm. This mechanism for domination of random search approach helps to break pre-mature convergence and provides the population with new individuals. If the algorithm successfully finds a new fit individual these parameters count roll back to user-set values.
Regarding running the distributed model, the net benefit of the best chromosome in distributed optimization is calculated to be 2369452229.565384 IR. Rials, with respect to 1 meter allowable water table drawdown. In such case, although the amount of total benefit is less than lumped optimization, it is almost close to it. The difference between the results of lumped and distributed optimization with same assumption shows the costs of land fragmentation. Figures 6 and 7 show the optimum cropping pattern and the cropping percentage of each field across the study area, respectively. Figure 4 , however, illustrates the net revenue results evaluated from each scenario.
Result of the case study shows that the proposed algorithms and models are capable of optimization of cropping pattern and water resources utilization both in lumped and distributed conditions. Different applicable scenarios took into practice and the results are calculated. Clearly, the lumped model tends to overestimate the expected net revenues, due to its failure in proper modeling of various parameters, most notably the availability of groundwater and surface water. Besides the optimal cropping pattern, partial planting fraction, surface and groundwater irrigation plan of each field, and various other types of outputs the model provides, the map-based results improve the ability of expert as decision maker for participating in agriculture planning. In addition, flexibility of such model helps to have interactive discussion and make decision by premise.
Conclusions
The results of the present study showed that the suggested procedure can be effectively employed for proposing distributed cropping pattern decisions with respect to conjunctive utilization of surface and groundwater resources.
Our study showed that although lumped and distributed optimization methods are different in scope and procedure, failing to account for distributed optimization conditions may result in overestimation of the net income and/or underestimation of input usage. In other words, the planner would connive in the differences in local and regional programming.
While the results could be clearly demonstrated under certain conditions, the difference between these two modeling approaches would be significant and must be taken into consideration. Given the implications of the newly proposed method, it is recommended that decision makers optimize the water resources and cropping pattern in both lumped and distributed conditions, so that they could persuade farmers for consolidation of agricultural lands. At worst, it would be a signal for these farmers that they must expect less income and more waste of resources.
